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ΛɼΦϯτϩδʔʹ͍ͯͮجResource Description Framework (RDF)ࣜܗͷφϨοδάϥ
ϑͱͯ͠౷߹ͨ͠ɽར༻ऀΛݶఆͯ͠σʔλΛެ։͢Δͱͱ΋ʹɼSPARQL Protocol and
RDF Query Language (SPARQL)ΫΤϦΛ༻͍ͯෳࡶͳ͕ࡧݕՄೳͳσʔλج൫Λߏங͠
ͨɽಉ࣌ʹՄࢹԽΞϓϦέʔγϣϯΛ։ൃ͠ɼҟͳΔσʔλͷؔੑ܎Λ֮ࢹతʹ֬ೝͰ͖
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ਤ 1.2: ຊڀݚͷશମ૾












ϓϯʹ͢Δ৔߹ͷ༗༻ੑ্޲ͷͨΊʹɼLinked Open Data(LOD) ͷར༻͕ਪ঑͞Ε͍ͯ
Δɽ LOD͸ɼΦʔϓϯσʔλͱ Linked Data ͷ༥߹Ͱ͋ΓɼΦʔϓϯͰ͋Δͱಉޓʹ࣌
͍ʹϦϯΫ͞Ε͍ͯΔ [13]ɽ͜͜Ͱ͍͏ Linked Data ͱ͸ɼRDFΛ༻͍ͯߏ଄Խ͞ΕΔҙ
ຯతͳ͕ܨΓΛͭ࣋σʔλͰ͋Γɼ ͸φϨοδάϥϑͱ΋Α͹ΕΔɽʹٛ޿
ҎԼʹɼLOD΍φϨοδάϥϑͳͲɼຊڀݚʹؔ࿈͢Δ߲໨ʹର͢Δઆ໌Λࣔ͢ɽ
• LODɿΦʔϓϯσʔλͱ Linked Data ͷ༥߹ɽWebͷൃ໌ऀͰ͋Γ Linked Dataͷ
૑ऀ࢝Ͱ΋͋ΔTimʹΑͬͯఏҊ͞ΕͨɼΦʔϓϯσʔλͷσʔλࣜܗͷॏཁੑΛ
ࣔ͢ 5-star Open Data[14]ʹ͓͍ͯɼߴ࠷ҐͷධՁΛಘ͍ͯΔɽ
• φϨοδάϥϑɿRDFΛ༻͍ͯάϥϑঢ়ʹߏ଄Խ͞ΕΔҙຯతͳ͕ܨΓΛͭ࣋σʔ




































































۩ମతʹ͸ɼΤϯςΟςΟ hɼt ∈ EʢΤϯςΟςΟू߹ʣͱϦϨʔγϣϯ r ∈ RʢϦϨʔ
γϣϯू߹ʣ͔ΒͳΔओޠɼड़ޠɼ໨తޠͷؔ܎Ͱ֨ೲ͞ΕͨηϚϯςΟΫεΛͭ࣋σʔ
λͷͭͳ͕ΓͰ͋ΔτϦϓϧ (h, r, t)͕༩͑ΒΕͨͱ͖ɼΤωϧΪʔϕʔεͷͮجʹํ͑ߟ
͖ɼ͜ͷτϦϓϧͷείΞ͸ࣜ 3.1Ͱද͞ΕΔඇྨڑੑࣅ཭ d(h+ r, t)ʹ౳͍͠ͱ͑ߟΔɽ
d(h+ r, t) = ∥h+ r − t∥ℓ1/2 (3.1)
1)freebase.com
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[γ + d(h+ r, t)− d(h′ + r, t′)]+ (3.2)
͜͜Ͱɼ[x]+͸ɼxͷਖ਼੒෼Λද͠ɼγ > 0͸ϚʔδϯϋΠύʔύϥϝʔλͰ͋Δɽ·
ͨ S ′(h,r,t)͸τϦϓϧதͷओޠ෦·ͨ͸໨తޠ෦ΛҟͳΔΤϯςΟςΟʹஔ͢׵Δ͜ͱͰੜ
੒͞ΕΔෛྫτϦϓϧͰ͋ΓɼҎԼͷࣜͰද͞ΕΔɽୠ͠ɼh ̸= h′, t ̸= t′ͱ͢Δɽ
S ′h,r,t = {(h′, r, t)|h′ ∈ E} ∪ {(h, r, t′)|t′ ∈ E} (3.3)










Ο h, tΛࣜ 3.4ͰϦϨʔγϣϯ͝ͱʹҟͳΔ௒ฏ໘্ʹࣸ૾͠ɼh⊥, t⊥ͱ͢Δɽ
h⊥ = h− wTr hwr, t⊥ = t− wTr twr (3.4)
௒ฏ໘্ͷϦϨʔγϣϯ dr Λ༻͍ͯɼείΞϦϯάؔ਺͸TransEͱಉ༷ʹҎԼͷΑ͏
ʹͳΔɽ
d(h⊥, r, t⊥) = ∥(h− wTr hwr) + dr − (t− wTr twr)∥22 (3.5)
͞Βʹ͜ͷଞʹ΋ɼtransEͷදݱͷ֦ுͱͯ͠ɼϦϨʔγϣϯ͝ͱʹҟͳΔ্ۭؒʹΤ
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• co:University : େֶΛද͢Ϋϥεɽ
• co:Event : େֶʹಛ༗ͷٛߨ΍ɼͦͷଞͷେֶΠϕϯτΛද͢Ϋϥεɽco:Course͓
Αͼ co:SchoolEvent͕ͦΕͧΕɼٛߨͱֶ಺ΠϕϯτΛද͢αϒΫϥεͱͳΔɽ
• co:Bicycle : େֶʹಛ༗ͷɼओཁͳҠಈखஈͰ͋Δࣗసंʹؔ͢Δ৘ใΛද͢Ϋϥεɽ
co:ParkedBicycle͓Αͼ co:RemovedBicycle͕ͦΕͧΕɼறྠࣗసंͱఫࣗڈసंΛද
͢αϒΫϥεͱͳΔɽ
• co:Consumption : େֶΩϟϯύεʹ͓͚ΔΤωϧΪʔফඅྔΛද͢Ϋϥεɽco:PowerUsage
͓Αͼ co:CityGasUsage͕ͦΕͧΕɼిྗ࢖༻ྔͱ౎ࢢΨε࢖༻ྔΛද͢αϒΫϥε
ͱͳΔɽ
• co:Facility : େֶΩϟϯύεʹ͓͚ΔࢪઃΛද͢Ϋϥεɽco:Building͓Αͼ co:Parking
͕ͦΕͧΕɼݐ෺ͱறྠ৔Λද͢αϒΫϥεͱͳΔɽ
• co:FiscalYear, co:Semester, co:ClassPeriod, co:TimeInterval30m: େֶʹಛ༗ͷؒ࣌త࣍
ͷ୯ҐΛද֤͢Ϋϥεɽݩ
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ਤ 4.1: ProtégéʹΑͬͯදͨ͠ݱΦϯτϩδʔͷΫϥεɼΦϒδΣΫτϓϩύςΟɼσʔ
λλΠϓϓϩύςΟͷ֤֊૚ߏ଄
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ਤ 4.2: ओཁͳΫϥεؒͷؔ܎







෦Λޠͷ୯Ґͷ͏ͪɼओݩ࣍తؒ࣌ T1ɼ໨తޠ෦Λ T2ͱ͢ΔͱɼT1ͷ࢝఺͸ T2ͷ࢝఺ΑΓ
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ਤ 4.3: Data Cube ༺ኮͷརޠ
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Municipal Transportation Agency (SFMTA)[29]͕ఏএ͢Δ Bicycle Parking Typesதͷ
Short-Term Bicycle Parkingͷ෼ྨΛߟࢀʹ͍ͯ͠Δɽ















৅ிWebαΠτͳͲ͔Βɼ2017೥ؾ 4݄͔Β 2018೥ 3݄·Ͱ 1೥ؒͷσʔλΛநग़͠ɼ
Apache Jena1)Λ࢖༻ͯ͠RDFʹมͨ͠׵ɽ7ষͷ࣮͚ͯ޲ʹݧɼσʔλ਺ͱछྨͷҟͳ
Δ 2छྨͷφϨοδάϥϑ (ҎԼɼͦΕͧΕʮKGaʯɼʮKGbʯͱ͢Δ)Λੜ੒͠ɼզʑͷઌ
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ਤ 5.1: ҎલͷڀݚͰߏஙͨ͠KGpͷεΩʔϚ
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5.2 φϨοδάϥϑͷެ։
લઅͷΑ͏ʹߏஙͨ͠ 2छྨͷφϨοδάϥϑͷ͏ͪɼن໛͕࠷΋େ͖͍KGbΛRDF
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૊͕ධՁ͞ΕͯαεςΠφϒϧΩϟϯύεධՁγεςϜ (Assessment System for Sustainable
Campus (ASSC))[35]ʹ͓͍ͯɼ2016೥ͱ 2019೥ʹͦΕͧΕΰʔϧυϨʔτͷೝఆΛड
͚͍ͯΔ [36]ɽASSC͸ɼ๺ถͰී͍ͯ͠ٴΔ STARS(Sustainability Tracking Assessment
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• ແԾઆH0ؼ :૬ؔ܎਺ r = 0
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ਤ 6.5: ݄ຖͷৗઃ 4றྠ৔ͷฏۉறྠ୆਺Λऔಘ͢ΔΫΤϦ
6.1.2 ૬ؔؔ܎ͷ෼ੳ
ɽ·ͣɼநग़͞Ε֤ͨறྠ৔ͷ͏ͨͬߦ૬ؔ෼ੳΛ͍ͯͭʹੑ܎ͷؔ࢜ɼσʔλಉʹ࣍










base:pA 0.701 (0.035) 0.825 (0.006)
base:pHIS 0.715 (0.030) 0.823 (0.006)
base:pE2N -0.342 (0.368) -0.525 (0.147)
base:pE2S -0.023 (0.953) 0.137 (0.725)
಺͸ހׅ p஋Λද͢
ଠࣈ͸ p < 0.05Λද͢
ද 6.1ΑΓɼURI͕ base:pA΍ base:pHISͰ͋Δறྠ৔ͷறྠ୆਺͕ɼ৯ಊͷళ಺ച্ߴ
΍ห౰ൢച਺ͱͦΕͧΕ༗ҙͳ૬ؔΛͭ࣋͜ͱ͕Θ͔ͬͨɽ·ͨҰ෦ͷறྠ৔Ͱ͸༗ҙͳ
૬͕ؔແ͍͜ͱ΋෼͔ͬͨɽ͜͜Ͱɼਤ 6.4ͷΑ͏ʹநग़֤ͨ͠றྠ৔ͷ͏ͪɼද 6.1ͷΑ
͏ʹ base:pAͱ base:pHISͷ 2ՕॴͷΈ͕৯ಊσʔλͱ͍ߴ૬ؔΛͭ࣋ཧ༝Λͨ͑ߟɽ·















4.2.5અͰ༧Ί֨ೲ͍ͯͨ͠ SFMTAͷ Bicycle Parking Typesͷ෼ྨΛਤ 6.3ͷΫΤϦʹ
৚݅ͱͯ͠௥͠هɼϥοΫΛͨ࣋ͳ͍றྠ৔ͷΈͷநग़Λߦͳͬͨɽࡧݕ͸ɼਤ 6.3ͷΫ
ΤϦதͷҰจΛԼهͷΑ͏ʹม͢ߋΔ͜ͱʹΑͬͯߦͳͬͨɽ
a co:Parking. ˠ a base:UnshelteredCorral.
͜ͷநग़݁ՌΛਤ ͳ͍றྠ৔ͷΈΛநग़ͨ͠৔߹ʹɼදͨ࣋ɽϥοΫΛࣔ͢ʹ6.7 6.1
ͷɼച্ͱ༗ҙͳ૬ؔΛͭ࣋ 2றྠ৔ͷΈ͕நग़͞ΕΔ͜ͱ͕Θ͔ͬͨɽ




















ਤ ɽ·ͨɼͦͷࣔ͢ʹ6.9 Δͨ͋ʹޙݶ࣌1 ෺ͷిྗ஋Λऔಘ͢Δݐຖͷ֤ݶ࣌ͷݶ࣌2-6
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ද 6.2: ͷ֤றྠ৔ͷறྠ୆਺ͱݶ1-5 ෺ͷిྗ஋ͷ૬ؔ෼ੳ݁Ռݐͷ֤ݶ2-6
पลͷݐ෺




base:pA 0.855 (0.065) 0.940 (0.018) 0.893 (0.041) 0.953 (0.012) 0.913 (0.030)
base:pB 0.946 (0.015) 0.950 (0.013) 0.728 (0.164) 0.935 (0.020) 0.781 (0.119)
base:pE45 0.677 (0.209) 0.841 (0.074) 0.983 (0.003) 0.887 (0.045) 0.964 (0.008)
base:pW5 0.845 (0.072) 0.949 (0.014) 0.757 (0.139) 0.951 (0.013) 0.812 (0.095)
ΩϟϯύεશҬ 0.974 (0.005)
಺͸ހׅ p ஋Λද͢
ଠࣈ͸ p < 0.05 Λද͢





















































MeanRank Hits@10 Hits@3 Hits@1
TransE 89.747 0.351 0.284 0.208
TransH 70.479 0.390 0.274 0.219
TransR 289.414 0.205 0.086 0.023
TransD 148.131 0.288 0.208 0.051
Random 1298 0.385 0.116 0.039












ͱࠞࡶ୆਺Ҏ্ͷঢ়ଶ (130%Ҏ্)Λ൑ผͰ͖Δɼ͢ ͳΘ͕ͪࠩޡறྠՄೳ୆਺ͷ 30%Ҏ಺
ͱͳΔ͜ͱ͕࣮༻Խʹ͓͍ͯॏཁʹͳΔɽݪ܂Β [10]ΑΓɼಛʹࠞ͢ࡶΔறྠ৔ͷறྠՄ


























ΓΛද͢୆਺τϦϓϧ (h1ɼr1ɼt1) ͓Αͼɼपลਓޱͱͷ͕ܨΓΛද͢τϦϓϧ (h1ɼr2ɼt2)
(ҎԼɼपลਓޱτϦϓϧ)Λ͑ߟΔɽͦΕͧΕͷτϦϓϧʹରͯ͠ɼTransHதͷࣜ 3.4Ͱ
ϦϨʔγϣϯݻ༗ͷ௒ฏ໘Λੜ੒͠ɼ௒ฏ໘্ʹΤϯςΟςΟΛࣸ૾͢Δɽਤ 7.1͓Αͼ
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͸ɼࣜ 7.1͓Αͼࣜ 7.2ͷΑ͏ʹࢉग़͞ΕΔɽ͜͜Ͱɼwr1 ͓Αͼwr2 ͸ɼ୯ҐϕΫτϧͰ




h1⊥ = h1 − wTr1h1wr1 , t1⊥ = t1 − w
T
r1t1wr1 , (7.1)







































































































ख๏ ଘط (TransH) 57.43 8.82 5.70





























ແ (None) ༗ (Exis-
tence)
1. ೚ҙͷݐ෺͕ɼ৯ಊ·Ͱͷಈઢ্ʹ͋Δ͔൱͔





(Whether any building is close to the cafeteria)
ʷ ˓
3. ೚ҙͷறྠ৔ʹ͓͚ΔϥοΫͷ༗ແ (Whether
the racks exists in any bicycle parking lot)
˓ ˓
4. ݄ຖɼறྠ৔ຖͷฏۉறྠ୆਺ (Average number
of bicycles parked each month at each parking lot)
ਤ 6.5 ˓ ˓
5. றྠ୆਺ۉຖɼறྠ৔ຖͷฏݶ࣌ (Average num-
ber of bicycles parked each class period at each
parking lot)
ਤ 6.8 ˓ ˓
6. 5 ͷ 1 ༺࢖෺ຖͷిྗݐຖɼݶ࣌ͷɼޙݶ࣌
ྔ (Power consumption each class period at each
building in 1 class period after 5)
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